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PREFACE. 

This is by no means a complete guide 
to steam engineering, but rather a step- 
ping-stone for those who may not be 
familiar with the calculations used. 

Calculations, and especially formulas, 
are sometimes stumbling blocks that pre- 
vent good men's progress, and it is to 
remove these obstacles, by showing how 
each calculation is made, as well as why 
we do it, that this little book has been 
prepared. 

While this does not show nearly all 
calculations used, it contains enough to 
enable any one to work out other rules 
or formulas which come up from time 
to time. 
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Decimals* 

There are few men who do not under- 
stand vulgar or common fractions, as it is 
plain that yi means one-half, }£ means 
three-eighths, etc. , and in plain language 
we say that the figure below the line (or 
denominator) shows the number of parts 
into which the number (or whatever is 
being considered) is divided, and the figure 
above the line (numerator) shows how 
many of these parts are being spoken of. 

Decimals or decimal fractions are a 
system in which ten is the base (derived 
from decern meaning ten), and is not a fun- 
damental principle. 

In this everything is reduced to tenths, 
hundredths, thousandths, etc., and the 
value is determined by the position of the 
decimal point. 



Taking the number .125 and we read 
the first figure as tenths, second as hun • 
dredths, etc. ; and as there are three figures 
the value must be 125 thousandths or 
-ro^o, the position of the point indicating 
the value of the decimal fraction. 

Moving the point between the 1 and 
2 we have 1.25, -which makes 1 a whole 
number and -&o the fraction. 

Moving it again in the same direction 
we have 12.5 or 12 and -&. We see then 
that moving the point to the right multi- 
plies by ten for every place it is moved 
(and consequently that moving it to the 
left would divide by ten in a similar man- 
ner), and that we can divide or multiply 
by ten by simply changing the position of 
the point. 

If we have common fractions it is very 
easy to change them to decimals by divid- 
ing the numerator by the denominator, 
as in the case of ^ we have 2)1. 000=. 500 
or -&. — 

Take the numerator and place a deci- 
mal point after it, adding as many ciphers 
as are likely to be needed, four being a 
very common number to add, as four de- 
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cimal places (or ten thousandths) are usu- 
ally accurate enough for most calculations. 

When we have -g^ to reduce to deci- 
mals it is simply an example in long divi- 
sion, the placing of the point being the 
main thing, and we simply divide 1.0000 
by 64 which equals .0156 or 156 ten thou- 
sandths* 

It should be thorougly understood 
that there is no principle involved in using 
this point, it is merely a custom or system 
(although a very useful one), but as we 
find time tables in which 9. 10 means ten 
minutes past nine, although ten minutes 
equals •£$ instead of iW as in the case of 
decimals, we see this is always a custom 
and not a fundamental principle. 

Although it is customary to use com- 
mon fractions in many shops, the use of 
finer measurements, such as hundredths 
and thousandths, makes it convenient to 
have a table showing the fractions ordina- 
rily used and their equivalents in decimals, 
and a table of this kind is given at the end 
of this chapter. 

Knowing that all figures to the right 
of the decimal point are decimal parts of 



one (no matter what) and that all figures 
to the left are whole numbers it will be 
readily seen that in addition and subtraction 
we place the figures so that the decimal 
points come under each other, as, 

Adding or subtracting 

2. 13*7 1.3257 

2. 2532 2.17B57 

4.3879 2.14713 

Never mind the number of figures in 
the decimal, place the points in line, add 
ciphers (either mentally or in reality) to 
make them even, and proceed as in ordi- 
nary calculations. 

In multiplication we pay no attention 
to the relative positions of the decimal 
points, but multiply as usual and point off 
in the product as many places as there are 
decimals in both the multiplier and multi- 
plicand, counting from the right. 

As an example we have 3. 125 multi- 
plied by 1.25, or, 

3.126 
1.2S 

L15G25 
6250 
3125 
3.90G25 



There being three places in one and 
two in the other we count off five (two plus 
three) from the right and place the point 
between the 3 and 9, making the* result 3 

*" 1U 100000* 

The reason for pointing off in this 
manner will be clear if we study tjie ques- 
tion a little. Taking the example above 
we find the whole numbers to be 3 and 1 
and it is evident that the result cannot be 
either 0.390625 or 39.0625, but must be 
more than 3 and less than two figures, as 
in the last number above. 

Taking the numbers 3.9x4.8 it is 
evidefnt that the answer will be more than 
3x4=12 and less than 4x5=20, as the 
numbers are less than 4 and 5. 

3.9x4.8=18.72 with two figures 
pointed off in accordance with both rule 
and reason. f 

It has probably been noticed that in 
placing the denominators under decimals 
(in order to make their value clear) we put 
a figure 1 at the left and as many ciphers 
to the right as there are figures in the de- 
cimal. 

In the case first mentioned we place 






five ciphers to tlie right of the point, ma- 
king it "hundred thousandths." 

We have given these denominators to 
make the value of the decimal more clear, 
although in actual practice it is never done, 
the value being easily reckoned mentally 
by calling the point 1, and adding ciphers 
as before stated. 

Division of decimals is very easy, 
after you learn to neglect the decimal point 
while you are dividing, and then to put it 
in the right place in the quotient (or 
answer). 

Divide as with simple numbers and 
point off as many places in the quotient 
(answer) as the decimal places of the divi- 
dend (number divided) exceeds the deci- 
mal places in the divisor. 

If the decimals in the divisor exceed 
those in the dividend, add ciphers to the 
right of the dividend as far as necessary, 
taking care to count only those used, 
when placing the decimals in the answer. 

Division being the reverse of multipli- 
cation it seems almost self-evident that 
pointing off should also be reversed. 

If the reasons given before are tho- 



roughly understood this will be made plain 
without difficulty. 

Divide 3.24 by 1.2. 

1.2)3.24(2.7 
24 

84 
84 

And as there are two decimal placed 
in the dividend and only one in the divisor, 
we point off one place from the right in 
the answer. 

Take another case and divide 8.1478 
by .071 

.071)3.1478(44.3+ 
2 84 



307 

284 



238 
213 

25 

Forget all about the decimal points 
in the divisor and proceed as before. Then 
as there are three decimal places in the 
divisor and four in the dividend we point 
off one from the right and have 44.3 for 
an answer. This can be carried further by 
adding ciphers to the dividend, ^I&c.Vw'wMl 
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evidently not alter the position of the deci- 
mal point in the least, but will simply carry 
the answer to more decimal places. 

Not wishing to carry the division to 
more decimal places and as it does not 
come out even we put a plus sign (+) 
after the quotient, showing that it is in- 
complete. 

It does not matter if the divisor is 
larger than the dividend, as in dividing 
.00237 by .0921 

.0921).002370000(.25732+ 
1842 



5280 
4605 

6750 
6447 



3030 
2763 



2670 
1842 



We add four ciphers and make nine 
decimal places in the dividend, and as these 
exceed the decimals in the divisor by five 
places we must point off five places from 
the right and place the point before the 2. 
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If you have any doubt as to its cor- 
rectness, multiply the answer by the divi- 
sor and the result should give the dividend. 

It is well to prove work in this way if 
you have any doubts in the matter. 

To divide .3987 by 125.2 

125.2).3987000(.003184+ 
3756 



2310 
1252 

10580 
10016 

5640 
5008 

632 
We have added three ciphers to the 
dividend, making seven decimal places, 
and as there is but one decimal place in 
the divisor, the quotient must have seven 
minus one, or six places. As there are but 
four figures in the quotient we must make 
the six by adding two ciphers to the left 
(in front) of the quotient and placing the 
point in front of the ciphers, making the 
answer .003184. It will be seen that plac- 
ing ciphers to the right would not alter 
the value of the decimal in \be \&a&\~ 
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Divide .96 by .08 

.08).96(12 
8 



16 
16 



As the number of decimal places in 
both dividend and divisor are equal, the 
point would come after the 12 and would 
of course be useless. 

Divide 4.5 by 12.2 

12.2)4- 5000(.368+ 
3 66 



840 
732 

1080 
976 

104 

As there are four decimal places in 
dividend and one in the divisor we point 
off three places, which brings the point 
before the 3 as shown. 

Table of decimal equivalents on next page. 
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DECIMAL EQUIVALENTS OF AN INCH. 






1 
4 

u. 

64 

9 
32 

19 
64 

5 

16 

2 1 

64 

1 1 
32 

2 3 
64 

3 

8 

25 
64 

1 3 
3 2 

27 
64 

7 

ie 

29 
64 

15 
32 

3 1 
64 


.25 


1 
2 

33 

64 

il 
32 

3 5 
64 

9 
16 

3JL 
64 

1 9 
32 

3 9 
64 

5 

8 

4± 
64 

2 1 
32 

4 3 

6 4 

11 

16 

4 5 

6 4 

2 3 
"3 2 

_4JL 
64 


.5 


3 

4 

49 

"6 4 

2_5_ 
32 

5 1 
64 

13 

ie 

53 

64 

2JL 
32 

55 

6 4 

7 
8 

5 7 

64 

29 
3 "2" 

5 9 

6 4 

15 
16 

6 1 
6 4 

3 1 
3 "2" 

6 3 
6 4" 


.75 


1 

6 4 


.015625 


.265625 


.515625 


.765625 


1 
3 2 


.03125 


.28125 


.53125 


.78125 


3 
64 


.046875 


.296875 


.546875 


.796875 


1 

16 


.0625 


.3125 


.5625 


.8125 


5 
6 4' 


.078125 


.328125 


.578125 


.828125 


3 
3-2- 


.09375 


.34375 


.59375 
.609375 


.84375 


7 
64 


.109375 


.359375 


.859375 


1 

8 


.125 


.375 


.625 


.875 


- 9 

64 


.140625 


.390625 


.640625 

.65625 

.671875 


.890625 


32 


.15625 


.40625 


.90625 


1 1 
64 


.171875 


.421875 
.4375 


.921875 


3 
16 


.1875 


.6875 


.9375 


1 3 

64 


.203125 
.21875 


.453125 


.703125 


.953125 


32 


.46875 


.71875 


96875 


JUL 
64 


.234375 


.484375 


.734375 


.984375 
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Conventional Rule for Square Root* 

(For explanation of principle on 
which the rule is founded see chapter be- 
ginning on page 60. ) 

Separate the given number into peri- 
ods, by pointing every second figure, be- 
ginning with the unit's place. 

Find the greatest square in the left 
hand period and place its root on the 
right ; subtract the square of this root from 
the first period and to the remainder bring 
down the next period for a dividend. 

Divide this dividend, omitting the 
last figure, by double the root already 
found, and annex the result to the root and 
also to the divisor, multiply the divisor as 
it now stands, by the figure of the root 
last obtained, and subtract the product 
from the dividend. 

If there are more periods to be 
brought down, continue the operation in 
the same manner as before. 

16 



Example: 

What is the square root of 144? 



• • 



22 



144(12 
1 



44 
44 



The greatest square in the left hand 
period or 1, is 1. Subtracting leaves 
nothing and bringing down the next period 
gives 44 for the new dividend. Doubling 
the root already found gives 2 for a trial 
divisor and trying this in the first figure 
of the new dividend gives 2 for the next 
root figure. Annexing this to the trial 
divisor gives 22 for the true divisor and 
multiplying by 2 gives 44, coming out 
even in this case. Sometimes several trials 
are necessary. 



Conventional Rule for Cube Root. 

(For explanation of principle on which 
the rule is founded, see chapter beginning 
on page T3). 

Separate the given numbers into 
periods, by pointing every third figure, 
beginning with the unit's place. 

Find the greatest cube in the left 
hand period and place its root on the 
right; subtract the cube of this root from 
the left hand period and to the remainder 
bring down the next period for a dividend. 

Divide this dividend, omitting the 
last two figures, by three times the square 
of the root already found; annex the 
quotient to the root. 

Add together the trial divisor, with 
two ciphers annexed, three times the pro- 
duct of the last root figure by the rest of 
the root, with one cipher annexed; and 
the square of the last root figure. 

Multiply the divisor, as it now stands. 



by the figure of the root last obtained, 
and subtract the product from the dividend. 
If there are more periods to be brought 
down, continue the operation in the same 
manner as before. 

Example: 

What is the cube root of 1728 ? 





1728(12 
1 


300 

60 

4 


728 


364 


728 



By following the rules closely in the 
manner illustrated in the square root ex- 
ample, there will be no difficulty in under- 
standing the operation. 



19 



Formulas. 
As it is well to become familiar with the 
tools we are to use, the following signs 
are given, with their meanings, before we 
proceed to use them. 

it called "pi" = 3 1416, which is the 
circumference of a circle whose diameter 
is 1. This can be 1 inch, 1 foot or 1 mile, 
and the circumference will be 3. 1416 
inches, feet or miles as the case may be. 

d 2 — d squared or multiplied by itself. 

d 3 =d cubed or multiplied by itself 
twice, d*=d fourth, etc. 

The small figures at top are called 
exponents. 

V=square root and denotes that the 
square root is to be extracted from the 
number following it; when bar extends over 
other figures, it applies to all beneath it 
thus ^2 + 7=3 (squareroot of sum.) -jj^ 
can also be represented by v'(2+7)=3as 
before, the brackets showing that all 



within them are to be taken as one 
quantity. \/9+2=3+2=5, as the root is 
only taken from first figure because the 
sign does not extend over the other 
figures. 

3 4 

\/=cube root, V= fourth root, 

5 

-/= fifth root, etc. Fourth root can be 
found by extracting square root twice. 

.\=Therefore. 

The signs must be carefully watched, 
as all depends on interpreting them cor- 
rectly; care will do this, however, and 
strict attention should be paid to it. 

" Formulas are such a useful feature in 
the arithmetic of the mechanic, or perhaps 
it would be more correct to say abbre- 
viation or condensation of the arithmetic, 
that they should be better known and 
appreciated by him, as they will shorten 
his calculations and help him to become 
much more familiar with the rules used 
in standard practice among mechanics and 
engineers. Knowing from a fairly long 
shop experience that shopmen as a rule 
seem to have a horror of all formula, 
imagining them difficult or puzzling and 
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only useful in confusing those who have 
not had opportunities in mathematical 
education, we wish to show how -useful 
formulas are, how they shorten calcula- 
tion, how they economize space, and that 
they are much more convenient to remem- 
ber than long-winded rules, and wish to 
make them clear even at the risk of b 
too elementary in the explanations. There 
seems no better way of making their sim- 
plicity evident than by showing how they 
are made, how they are used, and their 
advantages, ending with illustrations from 
everyday practice. 

To begin with, a formula is simply an 
arithmetical rule in which all words are 
omitted, all the quantities represented by 
letters and figures, and all the operations 
are indicated by signs and by the position 
of the different characters. 

We learn from our arithmetic that the 
area of a rectangle (a figure whose oppo- 
site sides are parallel and whose angles 
are right angles) is found by multiplying 
one side by the other, or calling one side 
A and the other B, we can say "A multi- 
plied by B equals the area.'' To go a 



little farther, to call A =10 inches, 
B = 20 inches, then the area will equal 
A(10) x B(20)=200 square inches.* To 
state this correctly we say: 

Let A=short side of rectangle. 
" B=long " " 
" C=area " " " 
Then C=AxB. 

As one of the handy features of all 
formula is the ease of transposition, or of 
changing the "rule" to find any one 
quantity, the others being given, we can 
show this nicely in this simple case and 
shall do so as we proceed with other 
problems. We might have the area and 
the short side given to find the long side 
or the area and long side given to find the 
short side. Then as C=Ax B, * 

*It is evident that the area will be in square 
measure of whatever unit the sides are; in this 
case square inches. The multiplication sign is 
not necessary between lettcfrs, as A and B in 
this case, and is often omitted, C=A B meaning 
that C=prcduct of A B. In some English 
works multiplication is denoted by a period 
where we usually place the decimal point, their 
decimal point being placed half way up the 
figure as A.B means AX B, while 3*5=3.5 or 3%. 
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B = an A= — , 

A B 

or in figures, C=10x 20=200, B=^ 
=20 and A =-^=10. Going now to 
another case we take the circle and learn 
that the relation between the diameter and 
the circumference is as 1 to 3.1416 (near 
enough for practical purposes), or in other 
words, that a circle 1 inch in diameter has 
a circumference of 3.1416 inches, or one 
of 2 inches has a circumference of 6.2832 
inches, so we say: Diameter (d) multiplied 
by 3.1416 equals circumference in the 
sime measure or unit as the diameter, or 
d xS. 141 6=^ or circumference. This re- 
lation has come to be known as "pi" and 
represented by zr, which means that the 
sign 7t stands for the number 3.1416 as 
7td=3. 1 416 X diameter, which of course 
equals the circumference or periphery. 
Having a pulley 10 inches in diameter, 
making 200 revolutions, per minute, we 
wish to find how fast the rim is traveling in 
^eet per minute. The circumference equals 
10 X 3.1416 (diameter X n ) = 31.416 
inches, which, divided by 12, gives 2.618 
feet. Now to make our formula we say : 



d= diameter in inches. 

tt=3.1416. 

c= circumference in inches. 

dxx 

Then dx*=c or =c in feet, 

12 

As it is running 200 revolutions per 
minute, 200x2.618=523.6 feet per min- 
ute, or combining this in the formula and 
adding r= revolutions per minute and 
F=feet per minute that rim travels, to 
above notation we have 

cr 

F= — or, 

12 

dX*Xr ditr cr 

F = or or — = 

12 12 12 

10X3.1416X200 31.416X200 

or = 523.6 

12 12 

feet per minute. 

This can be transposed to find any 
of the quantities and as we wish to be 
thorough in all we do, we transpose as 

follows: 

c dxitxr F 

c=dXity and d= — , F= or d= 12 

it 12 nxr 

because, d being in inches and F in feet, 

25 



it is evident that the speed in feet, divided 
by "pi" times revolutions, must be multi- 
plied by 12 to reduce it to inches. Then 
FX12 523.6X12 6383.2 



and with these three transpositions of the 
formula any desired factor can be obtained. 

Taking the area of the circle next we 
learn that the diameter squared (multip- 
lied by itself) and multiplied by the con- 
stant number .7854 gives the area. The 
area of a cylinder 12 inches in diameter 
will then be 12x 12 X .7854 = 113.09 
square inches; calling the diameter d, and 
a the area, we say d 2 X .7854=a. 

What is the total pressure on a steam 
piston 10 inches in diameter, steam pre 
sure 100 pounds per square inch? 
this case d= 10, then tf 2 X. 7854 = 10* H 
X. 7854=78.54x100=7854 pounds tota 
pressure on piston. Now taking a i 
Under twice this diameter, with the s 
pressure, we then have 20 X 20 x. 7854= 
314.16x100 = 31,416 pounds of tota 
pressure, or four times the former c 
although the diameter is only , 
16 



large. This brings us to the "law of 
squares," which is simply that areas of 
similar figures vary as the squares of simi- 
lar dimensions, diameter in this case, the 
other cases will come later. This shows 
that in any cylinder, tube or shaft, the 
areas vary as the square of the diameters, 
and that a 2 inch tube has four times the 
area of a 1-inch tube, or a 3 inch cylinder 
has 9 times the area of a 1-inch cylinder 
(because 3x3=9, while 1x1 = 1), while 
the areas of two holes, 3 and 5 inches re- 
spectively, are as 3x3=9 and 5x5=25, 
or as 9 is to 25, or if one will pass 9 cubic 
feet of air or water per second, the other 
will pass 25. 

r Having found the area of a shaft, 
we have only to multiply this by the 
length to find the volume of cubical con- 
tents, and knowing this, we can estimate 
very closely the weight of different sub- 
stances, by multiplying the number of 
cubic inches it contains by the weight of 
one cubic inch of the material. 

Putting this into a short formula we 
have: 

d= diameter in inches. 
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/= length in inches, or — = length 

12 
in feet. 

£= constant. 

Then d 2 x. 7854 x/Xc = weight of 
any round shaft or bar. 

What will a steel shaft 2 inches in 
diameter and 10 feet long, weigh ? Refer- 
ring to table of weights of metal in Kent's 
Pocket Book, we find steel given as .283 
pounds per cubic inch — then in this case 
^=.283 Then 2x2x.7854 xl0xl2x 
.283=106.68 pounds as weight of shaft. 
Transposing once more we find that as 
</ 2 X.7854x/= cubical contents (a), then 



.7854X/ 
or square root of 

376.99 



.7854X120 

376.99 being the cubical contents of the 
shaft in question. 

This must now be solved, and the 
square root of this result equals d. In the 
°ame way we transpose for /, when 

2& 



/= 

rf*X.7854 

If a shaft must have a certain weight, 
first divide this by the weight per cubic 
inch, which will give the required cubical 
contents, and the result can easily be found 
by the formulas given. Of course we can 
transpose the whole formula, including 
weight, but it would only add to the num- 
ber of formulas without being necessary. 

Before going on with useful shop for- 
mula, let us take a "horrible example" 
and see how it is solved, which will per- 
haps clear up some of the mysteries better 
than the simple formulas. Taking 



J4- 



a*— 
2 



a 2 + #S_ f 2^ 2 

I 



2d J 

where a=3, 6=5, *r=4. The fraction 
being enclosed in the brackets, indicates 
that it is to be considered as one quantity, 
and after being squared, subtracted from 
a 2 , and the square root of this difference 
multiplied by 



b 

-:or 

2 



;orV9— 



9+25—16^ 
2x5 
29 
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f 9+25— 18 1 » 

Taking the fraction, I , we 

s [ 2X5 ) 

34— lfl 18 

have = — =1.8 Then squaring 1.8 

2X5 10 if 

we have 3 24 Subtracting this from 9, 
gives 5.76, and square root of this is 2 4 
which multiplied by 

b 5 5 

- which is - , gives 2.4X-=6=A.. 
2 2 S 2 

If the brackets included all the fig- 
ures under the vinculum (bar from the 
: sign ) the calculations would be 
9+25—16 1 8 
2x5 J 
(9— 1.8) 2 =v'T2" 2 = 
that special care must be taken to folli 
the signs correctly. These partii 
points will be shown as we proceed. 

Taking the formula for the area 
ring where ^=.7854 (D- — d 3 ) 
ZJ=outer diameter. 
rf=inner diameter, 

•i=area in square measure of what* 
unit the diameters are given in, if ZJ and 
rfare inches, A will be square inches, etc. 

D=10 inches, </=6 inches. Then 
=.7854x (I^—d 2 ). The brackets dem 



ollow 
;cular 

tever 
and 

;tc. 

A 

: 



that this part must be solved first. 10 X 10 
=100,6x6=36,100—36=64. ^=.7854 
X 64=50. 26 square inches. By adding 
/= length; to the formula we can find the 
cubical contents and weight of any hollow 
cylinder or pipe, and calling this one 12 
inches long we have 50.26x12=602.6 
cubic inches, from which weight can be 
r ound for any material. 

As an example of working backwards, 
find the thickness of a cast iron cylinder 
whose outer diameter is 10 inches, length 
15 inches, and which must weigh 200 
pounds. Cast iron is given as . 26 pound 
per cubic inch. So dividing 200 by . 26 
we find that (200-^.26=769.23) 769.23 
cubic inches are necessary to make the 
required weight. Dividing this by the 
length, 15 inches, we have 51.28 square 
inches as the area of the ring whose outer 
diameter is 10 inches. Then we can say 
51.28 (^)=.7854x(100— d 2 ) and trans- 
posing we have 

I 7T I 51.28 

d=y/7* =V ioo = 

.7854 .7854 ' 



1/34.71=5.89 

inches internal diameter. 
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Mensuration* 

This can be called the measuring or 
computing of surfaces, areas and volumes 
of bodies, and is very useful to the 
mechanic in many ways. Taking a tri- 
angle first, figure 1, as this has the least 
number of sides of any figure; we discover 
that all the sides and angles are equal, 
hence it is called an equilateral triangle. 
Either half of it, as laid out by the dotted 
vertical dividing line, is called a right 
angled triangle because it contains one 
right angle. 

A right angle is one formed by two 
lines perpendicular to each other or with 
an opening of 90 degrees or one- quarter 
the number of degrees of a complete circle. 

This can be more readily seen in 
figure 2, if we take O as a center, and note 
that the four angles GOE, EOH,HOF, 
and FOG are all equal, and all are right 
angles. 
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The base of a 
can be defined as the 
rests, in the case of 
the equilateral triangle 
B C, and half the 
C D or D B. 





The vertical height is shown by the 
line A D, and can be denned as a line 
perpendicular to the base and connecting 
it to the point or apex. 

It is plain that if we took the right 
hand side and placed it on the upper left 
hand, as shown by the dotted lines, we 
have made a rectangle and that the area 
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Calling the steam pressure 120 pounds 
per square inch, the cylinder 12 by 30 
inches and the revolutions 100 per min- 
ute, we prepare to find the horse power 
by the formula. Supposing steam is cut 
off at % stroke, the mean average pres- 
sure on the piston will be about 60 per 
cent, of the boiler pressure; 60 per cent, 
of 120 is J2 pounds. 

The area of a 12-inch piston equals 
113 square inches and 30 inches equals 
2 l / 2 or 2.5 feet. Then, after remember- 
ing that 100 revolutions means 200 
strokes, we are ready to say : P = 72 ; 
L = 2.5 ; A = 1 13, and N = 200, which 
becomes 



72X2.5 X 11 3 X200 

and equals 

33000 

123 + horse power. 



Transposing Formulas* 

One of the advantages of formulas 
over rules is the ease of transposing to 
find any of the parts composing it. Take 
the horse power formula and see how 
easily it works. 

PXLXAXN 

H P = as already stated. 

33000 

Now suppose we have an engine which 
must develop a certain horse power. The 
size of the cylinder and the number of 
strokes are fixed. What must the mean 
effective pressure be? 

Transposing the formulas to read 

H P X 33000 



P = 



LXAXN 
To find area of piston in square inches 
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H P X 33000 

A = 

PXLXN 

To find the length of stroke in feet 



H P X 33000 

L = 

PXAXN 



To find the number of strokes per 
minute 



H P X 33000 

N = 

PXLXA 



This is much easier than altering rules 
to suit each case. 
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Boiler Hone Power. 

The evaporation of 34 J4 pounds of 
water per hour from and at 212 degrees 
into steam at 70 pounds pressure is the 
standard for boiler horse power. In plain 
English this means that if a boiler evap- 
orates 34J4 pounds of water at 212 de- 
grees into steam at 70 pounds pressure 
in one hour, it is a one horse power 
boiler. 

Feed water is very rarely 212 degrees, 
more apt to be 60 or 70 degrees and 
steam at exactly 70 pounds is not 
often used, so that corrections are neces- 
sary for various cases. With tempera- 
ture of feed water 100 degrees, 30 
pounds of water evaporated into steam 
at 70 pounds pressure is a rated horse 
power. 

To find the evaporation of any case : — 
Subtract the heat units in one pound of 
feed water from the heat units in one 
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pound of steam and divide this by 966. 
Multiply this by the weight of water 
evaporated, and the result is the "equiva- 
lent evaporation. ,, 

Suppose a boiler evaporates 1500 
pounds of water per hour from a feed 
temperature of 80 degrees into steam at 
100 pounds — what is the equivalent 
evaporation and what horse power is the 
boiler ? 

Looking at the steam table on page — 
we find that the feed water contains 
48.04 heat units and the steam 1185 heat 
units. Subtracting 48.04 from 1185 we 
have 1 1 85 — 48.04 =11 36.96. Divid- 
ing it by 966 gives 1.17. This 1.17 is 
called the factor of evaporation and 
means that the equivalent evaporation is 
1. 17 times the actual. 

Multiplying 1500 by 1.17 gives 1755 
pounds evaporated from and at 212 de- 
grees. Dividing this by 34 j£ gives 
50.87 horse power. 



Heating Surface. 

The heating surface of a boiler depends 
on the type of boiler in question. It 
consists of flues or tubes, a portion of the 
shell or the firebox surface in an 
internally fired boiler. 

Tubes — 

As all boilers have tubes, they are 

taken first. Calling the tubes 2 inches 
outside diameter, as this is the side 
almost universally considered, we first 
find the circumference by multiplying by 
3.1416 and get 6.2832 inches, as we 
have seen before. Multiplying this by 
12 we have 75.4 square inches per foot 
of length. Dividing this by 144 we have 
.523 square feet. Multiplying this by 10 
feet (if that is the length of flue) we 
have 5.23 square feet for each flue, and 
multiplying by the number of flues gives 
the total flue heating surface. 
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Or, instead of finding the surface per 
foot of length, we could find the surface 
of one flue by multiplying 6.2832 by 120 
inches (the length of flue in inches) and 
get 753.984 square inches, which divided 
by 144 gives 5.23 square feet per flue, as 
before. 

Shell- 
In externally fired boilers we count 
one-half the shell and one-half the head. 
Some count on more than this, but it is 
safer not to calculate too high. You can 
find the area of half the shell just as we 
did that of the flues, while the head is 
easy to figure, being one-half a circle. 
Internally fired boilers of the locomotive 
type have the flues and the interior sur- 
face of the firebox as heating surface. 
The flues are calculated the same as 
before and the firebox surface is easily 
obtained when the length, width and 
height are known. All of this is not 

5<> 



equally effective, but this is allowed for 
in the table of heating surface per horse 
power which follows: 

Heating Surface Per Horse Power* 

Types of Boilers — Stationary. 

Vertical 15 to 20 square feet 

Locomotive 12 to 16 square feet 

Horizontal Return Tubular 15 square feet 

Water Tube. 10 to 12 square feet 

Flue 8 to 12 square feet 

Plain Cylinder 6 to 10 square feet 

With the intense draft used in loco- 
motive practice a horse power is some- 
times produced for 1.5 to 3 square feet 
heating surface. 
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Indicators* 

Indicator calculations are easily under 
stood. The steam forces the piston up 
the distance depending on the sprinj 
used, and the mark of the pencil show 
the steam pressure in the cylinder at th 
different points of the stroke. 

Taking the diagram shown in Fig. 8 
divide it into any number of equal -parts 
say 10, and measure the hight of eacl 
line as shown. Add these together an< 
divide by the number of lines; multipl 
this by the spring used. This will be th 
average forward pressure, from whicl 
deduct the back pressure. The differ 
ence is the mean effective pressure. 

If you have a planimeter for measui 
ing the diagram it is easier, as well a 
more accurate. The regular planimete 
gives the area of the card or diagram i: 
square inches. Divide this by the lengt' 
of the diagram in inches, which will giv 
the average hight. This multiplied b 



the spring used gives the pressure on 
every square inch of the piston. 

Springs are numbered according to the 
pressure required to compress them 
enough to move the pencil one inch ver- 
tically. An 80 spring will show i l / 2 
'tithes in hight on the diagram for 120 
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pounds pressure. A diagram tat; en 
with a 60 spring will be 2 inches high at 
the same pressure, and so on. Multiply- 
ing the average hight by the spring used 
gives the mean effective pressure on each 
square inch of piston. Multiplying this 
by the area of the piston and by the pis- 
ton speed and dividing the whole by 
33000 gives the horse power. 



Principles of Square Root. 

It may easily be imagined that once 
upon a time some person while investi- 
gating mathematical problems, possibly 
with nothing better than a handful of 
pebbly for instruments, made the great 
(for Uptime) discovery that while twelve 
times twelve pebbles was one hundred 
and forty-four pebbles, that one-half of 
twelve times one-half of twelve pebbles 
was not one-half of one hundred and 
forty-four pebbles, but was one-quarter of 
one hundred and forty-four pebbles. It 
may also be easily imagined that this 
mathematical investigator arrived at this 
conclusion by putting his pebbles in twelve 
rows of twelve each, and six rows of six 
each, forming two squares, one of which 
was evidently four times the size of the 
other by eye measurement, as well as 
containing four times as many pebbles 
by actual count. 
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After he had made a few of these 
squares it probably occurred to him that 
when he went to the post-office to get one 
hundred postage stamps, it wasn't neces- 
sary for him to count the whole hundred, 
but simply to count and see if he had ten 
on each side of his square; and finally, he 
probably fell into the unconscious habit 
of performing simple mental operations 
in extracting square root^ by asking him- 
self perhaps something as follows: 
4 ' Now, I want to make a box to hold 
144 eggs, each egg to be in a compart- 
ment by itself, the box to be a square box ; 
how many compartments on each side of 
the square box must I have to hold the 
144 eggs? Why 12, of course." 

About this time Euclid made the 
discovery that in a right-angled triangle 
the square of the hypothenuse is equal to 
the sum of the squares of the other two 
sides of the triangle. 

That is, if one square of 36 pebbles 
is placed in such a position regarding 
another square of 64 pebbles, that two of 
their sides form a right-angled triangle, it 
will be seen that one side of another 
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square of 100 pebbles will exactly form 
the hypothenuse or third side of the tri- 
angle, the square of 100 pebbles being 
equal to the sum of both the other squares; 
that is, 36 and 64 make a total of 100 
(see the figure on page 76, each small 
square representing a pebble). 

Now, it might be that what is true of 
a right-angled triangle of the above 
dimensions, . would not be true of any 
other triangle. If we take two squares, 
for instance, of 25 and 16, the sum of 
which is 41, we cannot come to any con- 
clusion whatever on this particular ques- 
tion, because we cannot arrange our 41 
pebbles in the form of a square. 

But Euclid proved to a dead certainty 
that this would hold true, no matter what 
quantities or numbers entered into the 
problem, and to deal with this and other 
things to follow it is now necessary to 
begin to consider the idea of unity; that is 
one; one pebble, one bushel of pebbles, 
one barrel of pebbles, one half ton of peb- 
bles, one half of a pebble. That twice 
one are two; twice one pebble are two peb- 
bles; twice one bushel two .bushels; twice 
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one barrel two barrels; twice one half ton 
two half tons; twice one half of a pebble 
two halves of a pebble; whether actually 
in two pieces or in the form of one whole 
pebble. Every thing in the world taken 
together makes one world; the smallest 
pebble in the world may be considered as 
being composed of two halves, four 
quarters, or a thousand thousandths, or 
in any other way we choose, to divide it, 
or may be considered as one half of two 
pebbles. 

. The truth that in a right-angled tri- 
angle, the square of the hypothenuse is 
equal to the sum of the squares of the 
other two sides being accepted, it of 
course follows that if we can find some 
way to calculate just what the side of a 
square of these 41 pebbles would be, sup- 
posing that they were ground to powder 
and put in a square, or when the number 
is too large to make an easy mental cal- 
culation (as when you count the sheet of 
100 stamps), we can solve many problems 
that come up in machine shops, such for 
instance as the exact angle to set a grind- 
ing machine to grind a cutter for screw 
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threads, supposing that the cutter is to be 
held in a holder made to hold the cutter 
with a standard clearance. In other 
words, many problems coming up in fin« 
machine work, necessitating a knowledge*: 
of how to extract square root. 




Some of these investigators found 
while playing with their pebbles that the 

law of squares was a universal law; that 
his square of 12 pebbles on a side was 
always 144 pebbles, whether he considered 
it as 12 on a side, or 11 and 1 on a side, 



or 10 and 2 on a side, or 9 and 3 on a 
side, and so on through the scale, and 
they also found that when they did con- 
sider their sides of squares as being made 
u p of two quantities, that a universal law 
held good that the square was always 
made up as follows: The square of one 
Quantity/ plus twice one quantity multi- 
plied by the other, plus the square of the 
other quantity; or in the algebraic language 
'^presenting one quantity (no matter 
^hich or what size) by a, and the other 
by b, then the square of a plus b is equal 
to a square, plus two a b, plus b square, 
°r in algebraic signs (a+b) 2 =a 2 +2 a b 
+ £ 2 . 

Let us try and see how it comes out, 
Considering 12 as 11 and 1 (or 11 plus 1). 

11 squared 121 

Twice 11 times 1 22 

1 squared 1 

Total 144 

Considering 12 as 10 plus 2: 

10 squared 100 

Twice 10 time* 2 40 

2 squared . ♦ ..»*.« 4 

Total V& 



Considering 12 as 9 plus S: 

9 squared 81 

Twice 9 times 3 54 

3 squared 9 

Total lil 

Having found out how the square is 
made up, it is easy enough to pull it to 
pieces again, or in other words to extract 
the square root, by simply reversing the 
process by which it was considered the 
square was made up. 

Before proceeding- further, we must 
understand one simple law of multiplic 
tion and division — multiplication being 
simply supplying a certain quantity a cer- 
tain number of times, same as our ancient 
friend did when he supplied 12 pebbles 12 
times to make his 144 pebbles; and divi- 
sion being simply the taking away a cer- 
tain quantity a certain number of times. 

Supplying 12 pebbles 12 times is 
multiplying 12 by 12, and dividing 144 by 
12 is taking 12 lots of 12 pebbles from 144 
pebbles, in which case we have no pebbles 
remaining in the original lot of 144. It 
follows then, that when a certain quantity 
is niade up by multiplying two other quart- 



titles together, if the certain quantity is 
divided by either of the other two quantities 
that went to make it up, that the result must 
be tJie other one of the two quantities \ that is 
if we multiply 4 by 5, making 20, if we di- 
vide 20 by 5 the result must be 4, or if we 
divide 20 by 4 the result must be 5. » 

We can now pick the square 144 to 
pieces as follows, assuming it to be made 
up of sides of 11 and 1: 

Take away from 144 the square of 11: 

144 
The square of 1 1 121 



23 remaining 

Take from the 23 remaining the 

square of 1 : 

23 
The square of 1 1 



22 remaining 

Take away from 22 twice 1 1 times 1 : 

22 
Twice 11 times 1 22 

00 
Assuming the square 144 to be made 
up of sides of 10 and 2: 

Take from 144 the square of 10: 
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14* 

The square of 10 100 

44 remaining 
Take from the 44 remaining the 

square of 2 : 

44 
The square of 2 4 

40 remaining 

Take from 40 twice 10 times 2 : 

40 
Twice 10 times 2 40 



00 

It will be found that any square can 
be made up and pulled down in the same 
way; of course it is simple enough when 
we know how it is made up, to pull it 
down again. 

Now, as it is an accepted custom 
(not a mathematical principle) that num- 
bers increase in value by ten for each 
place to the left as they are written, let us 
consider that 144 is the square of some- 
thing composed of units and tens (we 
already know it to be composed of one ten 
and two units, but this knowledge must 
not enter into the operation which we are 
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about to perform), and as the square of 
units cannot be greater than tens (9 largest 
unit, 81 its square), and as the square of 
tens cannot be greater than thousands (99 
largest ten, 9801 its square), we will sep- 
arate the number 144 into tens and thou- 
sands (these being the squares of units 
and tens) by following the custom of 
"pointing off" from the units number 
into "periods of two figures each." 

We have now divided our lot of 144 
pebbles, if you please, into two lots (or 
"periods"), one lot consisting of 100 
pebbles and the other lot consisting of 44 
pebbles (or 4 tens pebbles and 4 units 
pebbles), simply because it is customary \ 
as explained before, to write numbers in 
units, tens, hundreds, etc., etc. 

The left-hand «' period* ' of 1, then, 
represents a unity of hundreds, that is one 
hundred — one hundred pebbles. Let us 
take away from this period of 1 (no matter 
now cne what) the largest square there is 
init> which is evidently 1, we have now 
pulled out the square of the tens of which 
the square number 144 was made up. 
That is, we have extracted the square 
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root of all the tens making up the thou 
sands "period " and find it to be one ten; 
we will therefore put down this one ten 
thus: 1, not forgetting that it stands in 

Ike TENS PLACE 

Now let us go back to the principle 
of multiplication and division as touched 
on before: 

Having found what the square root 
ofthetensis, and knowing the way that 
the square is made up, we can now deal 
with the remaining 44. 

Having considered the root to have 
been made up of units and tens, let us call 
the tens a and the units b, and look at the 
algebraic formula again: (a+i) 2 =a 2 +2 

We have already dealt with the a s 
and set down its root a, in the form of a 
figure 1 (in the tens place), and now con- 
sidering the remaining 44 as being also 
units and tens (4 units and 4 tens), lei us 
see what we can do towards picking out 
the 2 a b of the algebraic formula. We 
know what the a is; it is 1, and if we 
divide the tens of the remaining 44 by 2 a 
'which in this case is 2), it will give us a 
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hint of what b is; thus we get a hint that 
h is 2; we therefore consider that it is 2, 
and see how the experiment comes out. 
Having already taken away the square of 
the tens, which is the a 2 of the formula, if 
h is 2, and we multiply it by itself, it will 
give us 4 units and fulfill the b? of the 
formula, and if we multiply it by 2 a, 
which is 20, it will give us twice the tens 
multiplied by 2 or the 2 a of the form- 
ula, this being in this case 40, or 4 in the 
tens place. 

That is, the 2 a b+b 2 of the formula 
is made up of 2 a multiplied by b, and b 
multiplied by b, which is of course b 2 , and, 
referring back to the principle of multipli- 
cation and division explained before, divid- 
ing the 2 a b of the formula by the 2 a, 
which we already know, must give us the 
b y ^the number 144 is a perfect square, 
which we know it to be in this case. 

Practically if no number can be found 
by trial that will meet the conditions of b, 
the largest that will go must be taken, and 
the remainder considered as a decimal 
fraction, and the operation repeated until 
the root is extracted as far as wanted. 
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The correctness of this is manifest when 
we consider that one ten is equal to ten 
units, and one unit is equal to ten tenths, 
and one tenth to ten hundredths, etc., 
each place to the left increasing the value 
of a figure, the decimal point having no 
value, but simply shows where unity 

A comparison of these principles and 
explanations, step by step with the opera- 
tion of extracting square root as done by 
the conventional rule, cannot fail to make 
the subject clear; and when once the sub 
ject is clear, there is less liability of mis- 
takes when doing a problem by the rule, 
to say nothing of the advantage of being 
able to get along without the rule if the 
book is mislaid or the memory weak. 
When the principle of extracting roots is 
once mastered it is a fascinating amuse- 
ment as well as valuable practice, to ex- 
tract 4th, 5th, 6th, etc., roots for which no 
rules are usually to be found. 






Principles of Cube Root* 

Assuming that it is understood how 
a square is made up and the principle on 
which square root is extracted, as explained 
in the previous chapter on square % root. 

We will proceed to investigate the 
manner in which ^cube is constructed. 
The cube of 12 (12 times 12 times 12, or 
as expressed in signs, 12x12x12) is 
1,728, and considering that the 12 is com- 
posed of 10 and 2 (on account of the cus- 
tom of giving a value of ten times what 
the figure itself represents, for each place 
to the left occupied by the figure, as ex- 
plained in the chapter on square root), 
we find the cube of 1,728 to be made up 

as follows : 

JO cube, 1,000 

3 times 10 square times 2, - - 600 

3 times 10 times 2 square, - - 120 

2 cube, 8 

Total, 1,728 
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"Pointing off" the number 1,728 
into "'periods of three" (for the same 
reason that we point off into periods of 
two in square root), we proceed to extract 
the largest cube from the left hand period, 
in this case 1, the cube root of which is 
evidently 1 also, so that we now know we 
have found the 1 ten that went to make up 
the cube 1,728, and as the cube of the 1 
ten is 1,000 we now must consider the re- 
maining 728, which we know to be made 
up 3 times 10 square times 2, plus 3 times 
10 times 2 square, plus 2 cube, as shown 
before. But as two is the number we are 
now seeking for, we must now assume that 
we do not know what it is, in order to be 
able to find it when we really do not 
know in actual practice. 

Whether it is 2 or any other number 
we know it cannot be a very large num- 
ber, as it must be units (as we have alrea- 
dy found what the cube root of the tens 
is), and cannot therefore be over 9. 

It follows then that the remaining 728 
must be made up principally of 3 times 10 
square, plus 3 times ten, multiplied by 
something which will make nearly 728, 
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and by using this 3 times 10 square, plus 
3 times 10, for a trial divisor, we get a 
hint of what the * 'something* ' wanted is. 

As this sum (330) will go into 728 a 
little over twice, we think that 2 is the 
number we are looking for, and to see if 
it really is the number we want, we must 
carry it through with the rest and see how 
we come out. 

As we know the remaining 728 to be 
made up of 3 times 10 square times 2, 
plus 3 times 10 times 2 square, plus 2 
cube, we know also that if we remove the 
factor 2 from these quantities, that is di- 
vide them by 2, we shall obtain a quantity, 
which, being multiplied by 2, will give us 
the original quantities back again; this 
being self-evident. 

Dividing these quantities by 2, we 
obtain 3 times 10 square (the 2 left out) 
plus 3 times 10 times 2 (one of the 2's left 
out) plus 2 square (one of the 2's left out 
again). 

By making a divisor of the sum of 
these quantities, which amount to 364, we 
find it goes exactly twice into the remain- 
ing 728, and therefore know that 2 is 
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really the k«i'/j figure that we have been 
looking for. 

To reduce to a formula: The cube ot 
a+b is ^+3a**+ SaP+P (a=10 and £= 
case), after taking away the a 3 
evidently have remaining 3a = ^+3a^ 3 4- 
b 3 . As we do not know what b is, we take 
3a 2 +3a, which is what remains with the 
b left out altogether, for a trial divisor, 
and by assuming the approximate quotient 
to be the b that is sought, we take 3a a + 
Sab+6 2 , which is StPfi+ZaP+P divided 
by the 6, and multiply it by the b back 
again, to see if the b we have assumed is 
really the b we have been looking after. 

In the case of 1728 we find that it 
completes the cube, and that b is really 2 
and so know that we are right. 

Therefore (knowing that we are 
right), if there should be a remainder 
after taking the result of this final multi- 
plication out of what is left of the original 
number, we would know that the number 
was not a perfect cube, and would take 
what is left and annex ciphers for another 
period, or as many more periods as re- 
quired for the degree of accuracy needed, 
same as in square root. 



Foundation Principles* 

To be thoroughly independent of 

rules for extracting roots (and a great 

many other mathematical calculations as 

well), we must consider the idea of factors. 

* When we multiply 3 by 2 we have 6 

for a result, and we say 3 and 2 axe factors 

of 6; multiplying again by 2 we get 12, 

and say that 6 and 2 are factors of 12, or 

we can say that 2 and 2 and 3 are factors 

of 12; or multiplying 12 by 12 we get 144 

and say that 12 and 12 are factors of 144, 

or we can say that 2 and 2 and 2 and 2 

and 3 and 3 are factors of 144, this being 

represented in arithmetical signs as follows: 

2x2x2x2x3x3=144. 

This is called an equation because 
something is represented as being equal 
to something else. 

If we start and reverse the operation 
and divide 144 by 2 we have 72 as a re- 
sult, and find that one less 2 on the left 
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hand side will make the equation true, 
thus: 

2x2x2x3x3=72. 

That is, we can take away one of the 
factors 2 from the left hand side of this 
equation, and divide the right hand side 
by 2, and still have an equation: that is, 
one side will still be equal to the other side. 

It follows then, that by taking one 
of the factors 2 from the left hand side, 
and dividing the right hand side by 2, 
we have done the same thing to both 
sides, because if we had not, they would 
no longer be equal. 

That is, dividing 144 or any other 
number, by 2 or any other number, is 
simply taking the factor 2 (or whatever 
other number it may be), from the first 
number, no matter how the first number 
is represented. 

Or in other words, taking the quan- 
tity 2x2x2x2x3x3 (which we happen 
to know is equal to 144) and removing 
one of the factors 2 from it, we have 
divided the whole quantity by 2. 

A little more reasoning along this 
same line will show us that dividing a 
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factor by a certain number divides the whole 
quantity by that number, or multiplying 
a factor by a certain number (or quantity) 
multiplies the whole quantity by that 
number (or quantity). 

In arithmetic we can consider a 
certain number as representing a certain 
thing; that is, we can take the num- 
ber 1, and consider that it stands for 1 ton 
of coal, and after going through our cal- 
culations, we know that the result, what- 
ever it is, is also to be considered as tons 
of coal. So in algebra, a certain sign or 
letter may be considered as a certain 
number or quantity of anything and the 
sign or letter is multiplied or divided, etc., 
through the calculation, and when the 
calculation is completed, we know that 
this sign or letter represents in the result 
the same thing that it did at the start : If 
we say that a represents a ton of coal, and 
when the calculation is completed, we 
have a result of 144 a, we know that this 
means 144 tons of coal. 

It would be easy enough to carry the 
number 1 through any calculation (no 
matter now whether 1 ton of coal or 1 
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something else), but if we had the number 
1,083,729,524,982, to deal with it would 
be quite a task to carry it through a 
long calculation. A slight knowledge of 
algebra allows us to consider that a or b, 
or c, represents this large number, or any 
other number, or thing, and carry the 
letter through a calculation (it is customary 
to use the first letters of the alphabet to 
represent known quantities, and the last 
letters of the alphabet to represent u?i- 
known quantities, but it is not necessary 
to follow this custom, as we can as well 
use a picture of a ton of coal, to represent 
the ton of coal, or the above number of 
tons of coal, if we only stick to the same 
thing until the calculation is finished). 

Ifthen we had a large number like 
the above to deal with, it would evidently 
by easier to say in starting: 

0=1,083,729,524,982 
and take the a through the calculation: 
then if for instance we got 3a as the result 
of the calculation, we would know that 3 
times 1,083,729,624,982 was our answer, 
thus being obliged to multiply this large 

L number but once in the whole calculation, 



which reduces the chances of error, as 
well as being easier and quicker. 

In algebra, contrary to arithmetic, 
the position to the right or left, of a letter 
or sign has nothing to do with its value, 
and two or more letters side by side 
means that these letters are multiplied to- 
gether^ or in other words that they are 
factors. 

The expression "aa" then, means 
that a, whatever it represents, is multiplied 
by a, and if we assume that a represents 
12, we then know that "aa" repres- 
ents 144. 

But as any quantity multiplied by it- 
self becomes square, the expression tl aa" 
is equivalent to the expression "a square," 
and for the same reason the expression 
"aaa" is also evidently equivalent to the 
expression * 'a cube. ' ' 

It is easier and quicker (besides being 
customary) to write a square thus, a 2 } 
instead of il aa'\ and a cube, a 3 , instead 
of 'W. 

When this is understood, we can take 
another step and instead of saying #=12, 
we can say a=10 and £=2, then we can 
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go ahead and say a plus £=12 or usir 
the regular arithmetical sign for plus (a 
dition) we write it thus: 

a+6=12 

It then follows that a+6 multiplii 
by itself will be equal to 12 multiplied t 
itself, or in other words thata+£, squar 
is equal to 12 square, and that (knowir 
12 square to be 144) a+6, square, 
equal to 144. 

We can now multiply the expressic 
a+6 by itself, the operation being vei 
much like multiplication of numbers 
arithmetic : 

First (as in arithmetic) we set tl 

quantities to be multiplied one under tl 

other thus: 

a+b 
a+b 

6 multiplied by 6 will evidently (fro 

what has already been explained) becon 

6 square, written ?P y so after the result 

this first step is written down, the calcul; 

tion would appear thus : 

a+b 
a+b 

b* 



Multiplying a by b would give us ab 
which we also set under the line, same as 

in arithmetic, thus : 

a+b 

a+b 

ab+P 

We have now multiplied a+b by b 
and must start to multiply a+b by a as 
follows : '" 

b multiplied by a is evidently ab (the 
position of the factors not altering their 
'value, so for convenience in adding we 
write it ab instead of bd) so (also for con- 
venience in adding) we set this ab under 
the other ab which we got a first by multi- 
plying a by b y thus : 

a+b 
a+b 

ab+b* 
ab 
And a multiplied by a i* evidently 
a 2 , which we also wrt down thu» • 

a+b 
a+b 

ab+lfi 
d*+ab 
We now (same a» in arithmetic), add 
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the results of multiplication togethei 
the answer : ab added to ab is evid 
two ab, which is written ll 2ab/ } so 
the complete operation now appears 

a+b 
a+b 



ab+b 2 
a 2 +ab 



a 2 +2ab+b 2 

a 2 +2ab+P is the formula giv 
the chapter on "square root" on j 
77 and 82. 

By multiplying this again by 

we will evidently get the cube of , 

which is the formula used in the artic 

cube root, thus : 

a 2 +2ab+b 2 
a+b 

a 2 b+2ab 2 +b* 
a* + 2a 2 b+ ab 2 

a* + 3a 2 b+3ab 2 +lfi 

If we should multiply this aga 
a+b we should get a formula which v 
allow us to extract the fourth root 
so on. 

A thorough understanding of I 



foundation principles, and of the previous 
chapters on square root, and cube root, 
makes us independent of any written rules 
for extracting square, cube, or any other 
root. 







Handy 'Ways for Calculating. 

When squaring (or multiplying it 
by itself) any mixed number (whole num- 
ber and a fraction) whose fraction is % it 
is well to know that this can be done 
mentally as follows : 

Add one to one number, multiply by 
the other, and add ^ to answer. 

Take 3^x3^; 3+1=4, 4x3=12 
+ # = 12# answer. Or 9)4x9*4=9 
+ 1=10x9=90+^=90^. 

A quick and easy way to divide any 
number by 12 ^ is: 

Multiply by 8 and "point oft" two 
places. 

Example:^ =250x8=2000 and point- 
ing off two places (always from the right) 
we have 20. 00 as the answer. 

A handy rule for squaring any num- 
ber mentally is: 

Subtract the number from the next 
higher tens number, subtract the difference 
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from the original number; multiply this 
result by the tens number used and add 
the square of the difference. 

This sounds hard but it isn't, and 
can be readily acquired so that any num- 
ber up to 100 can be squared mentally, 
easily and quickly. 

Take 17, the next higher lens number 
is 20. 20—17=3. 17-3=14. 14x20= 
280. 3squared=3x3=9. 280+9=289, 
the square of 17. 

Take 26. Next higher tens number 
is 30. 30—26=4. 26—4=22. 22x30= 
660. 4x4=16. 660+16=676, the square 
of 26. 

One more example will show its use 
in squaring large numbers. 

Take 81. Next higher lens number 
is 90. 90—81=9. 81—9=72. 72x90= 
6480. 9x9=81. 6480+81=6561, the 
square of 81. 

This is a larger number than it is 
often necessary to square mentally, but a 
little practice makes it; an easy matter, 
and it's often handy in comparing areas 
of pipes and cylinders. 
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Wrought Iron Pipe Sfies. 
The difference between nominal and 
actual diameters of wrought iron pipe, as 
well as the peculiar system of threads, 
makes a table necessary if you want to 
know what to count on in making calcula- 

All iron pipe is designated by its 
nominal inside diameter. The table gives 
pipe up to five inches. 

WROUGHT IRON PIPE TABLE. 












Threads 


T.p 








pn inch. 


Drill. 


« 


.27 




37 


j| 


s 




.64 


18 




M 


.49 


.87 


18 




y, 


.62 


.84 


14 




%, 


.82 


1.06 


14 




i 


1,06 


1.31 


uy t 




i& 


1.38 


1.65 


ny t 

uy t 




r/, 


1.8 






2 


2.06 


2.37 


HJ4 




2% 


2.47 
3.06 


2.87 
. 3.5 


8 
8 




sy, 


3.55 


4. 


8 




i 


4. 


4.5 


8 




iy. 


4.5 


5. 


8 




5 


5.05 


5.5(5 
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Brief Gloisary of Terms Used in Steam 

Engineering, 

Absolute Pressure: — 

Pressure above a perfect vacuum, ob- 
tained by adding 14.7 to gage pressure 
at sea level. This decreases as the alti- 
tude increases; 100 pounds boiler pres- 
sure would be 1 14.7 pounds absolute. 

Absolute zero: — 

This point is 460 degrees Fahrenheit 
below zero, or 492 degrees below the 
freezing point. 

Adiabatic Expansion: — 

Expansion taking place without heat 
transmission. In practice this never hap- 
pens, and the isothermal expansion is 
much nearer correct. 

Air Pump: — 

Pump used to remove cooling water 
and condensed steam from hot well of 
condenser. 



Boiler Pressure: — 



Doner rressure: — 

Steam pressure as registered by the 
steam gage. This is the pressure above 
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that of the atmosphere which at sea leveL 
is 14.7 pounds per square inch above a. 
perfect vacuum or absence of pressure. 

Boyle's Law: — 

See Mariotte's Law. 
British Thertnal Unit:— 

Same as Heat Unit. 
By-Pass:— 

An arrangement of pipes for diverting 
all or a portion of the steam, air or water, 
as the case may be, from its regular 
course if occasion demands. 
Calorie:— 

French thermal unit. The quantity re- 
quired to r kilogramme of pure water 
1 degree Centigrade at about 4 degrees 
Centigrade which is equivalent to 39.1 
Fahrenheit. One calorie — 3.968 British 
thermal units and 1 British thermal unit 
= .252 calorie. 
Circulating Pump: — 

Pump to circulate cooling water in s 
face condensers or similar places. 
Compound Engine: — 

A multiple expansion engine of two 
stages. The low pressure or second stage 
may be divided between two or more 
cylinders. See Multiple Expansion. 
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Condenser: — 

Apparatus for condensing the exhaust 
to reduce the back pressure betow atmos- 
pheric pressure, as this adds to the effect- 
ive pressure on the piston. There are 
three kinds — jet, surface, and syphon or 
ejector. 

Condenser — Jet: — 

In these the steam and water mingle, 
the resulting hot water going to the hot 
well. From here it is pumped out by the 
air pump. 

Condenser — Surface : — 

Condenser in which the steam does not 
come in contact with the cooling water. 
It is usually confined to the space sur- 
rounding the tubes through which the 
cooling water is pumped. 

Condenser — Syphon : — 

A jet condenser in which the water 
from the hot well is removed by syphon 
or ejector instead of a pump. 

Condensing Water: — 

Water used to condense exhaust steam 
in any type of condenser. It usually re- 
quires from 25 to 30 times the weight 
of steam to condense it. 
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Duty of Pumping Engines: — 

The number of millions of foot pounds 
of work they will do for each ioo pounds 
of coal burned under boiler. Based on 
assumed evaporation of 10 pounds of 
water per pound coal so that it is equiva- 
lent to work per IOOO pounds of steam. 
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Electrical Horse Power:— 

Any combination of volts and amperes 
that when multiplied together makes 746. 
Tims, 75 amperes of current at 100 volts 
= 7500 watts, or a little over 10 horse 
power. 

Factor of Safety: — 

If a boiler of such material 
strength that it will stand a pressure of 
500 pounds before bursting is run at 100 
pounds pressure, the factor of safety is 
5. In other words, the proportion be- 
tween bursting or breaking strength and 
the pressure or load carried. 

Feed Water Heater: — 

Apparatus for heating feed water t 
fore entering boiler, preferably by util 
ing waste heat of exhaust steam or c' " 
ney gases. 



Foot Pound: — 

The raising of one pound one foot in 
one minute. 

Heat Unit:— 

Heat required to raise i pound of 

water i degree. Taken at the greatest 

density of water from 39.1 to 40.1 de- 
grees Fahrenheit. 

Horse Power: — 

Equals 33000 foot pounds per minute, 
which means 33000 pounds raised one 
foot in one minute, or 3300 pounds raised 
10 feet in one minute or 33 pounds raised 
1000 feet in one minute, or 100 pounds 
raised 330 feet in one minute, or 550 
pounds raised one foot in one second ; 
or any combination of feet and pounds 
which multiplied together make 33000. 

Horse Power Constant: — 

This may be for any given engine at 
a fixed speed, and in this case is : "Area 
of piston X length of stroke in feet X 
strokes per minute -f- 33000." This mul- 
tiplied by mean effective pressure used at 
any time gives horse power. It may be 
for some engines at varying speeds. 
Then it is : "Area of piston X stroke in 
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feet -^-* 33000; this multiplied by mean 
effective pressure and strokes per min- 
ute = horse power." Or it may be sim- 
ply for a given cylinder diameter, when 
it becomes : "Area of piston -=- 33000." 
This multiplied by mean effective pres- 
sure and piston speed = horse power. 

Horse Power Hour: — 

One horse power developed continually 
for one hour. 



Inches of Mercury: — 

Used in connection with vacuum pro- 
duced by condensers ; 2.04 inches of mer- 
cury equals 1 pound pressure per square 
inch; 29.9 inches of mercury equal at- 
mospheric pressure of 14.7 pounds. 

Inches of Water: — 

Used in connection with chimney 
draft; 27.6 inches of water equals 1 
pound pressure; 1.72 inches equal 1 
ounce pressure; one foot (12 inches) of 
water equals .434 pounds per square inch. 

Initial Pressure: — 

Pressure at beginning of stroke. 



Injector: — 

Instrument utilizing a jet of steam 
from boiler for forcing water into boiler 
in place of pump. 

Injection Water: — 

Water used in jet or syphon (ejector) 
condensers to effect the condensation of 
the steam. 

Inspirator: — 
Same as injector. 

Isothermal Expansion: — 

The expansion of equal temperature in 
which the pressure and volume vary in- 
versely. In other words, one increases 
as the other decreases. Doubling the 
volume halves the pressure, etc. 

Latent Heat: — 

The heat required to separate the mole- 
cules or particles of water when forming 
it into steam. At atmospheric pressure 
this is 965.7 heat units. 

Mariotte's Law: — 

That pressure and volume vary in- 
versely—as in isothermal expansion. 
Also called Boyle's law. 
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Mean Effective Pressure : — 

The average forward pressure minus 
the back pressure. See section on 
indicators, page 57, and table of average 
pressures on page 99. 

Mechanical Equivalent of Heats: — 

The number of foot pounds of mechan- 
ical energy contained in one heat unit as 
these are convertible. The accepted 
equivalent is that a heat unit equals 778 
pounds, falling 1 foot will generate 1 
heat unit. 

Multiple Expansion: — 

Using or expanding steam through 
more than one cylinder is called multiple 
expansion. After exhausting the steam 
from the first or high pressure cylinder 
it is passed into other cylinders and ex- 
panded further. The high pressure cyl- 
inder is the smallest. Low pressure is 
sometimes divided between two or more 
cylinders. Intermediate cylinders (be- 
tween high and low) are also sometimes 
divided. 

Quadruple Expansion Engine: — 

A multiple expansion engine of four 
stages. See multiple expansion. 
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Receiver: — 

Steam space between the different cyl- 
inders of a multiple expansion engine. 
This is sometimes a steam drum of con- 
siderable size and in other cases merely a 
space in the pipes or passages. 

Receiver Pressure: — 

Pressure of steam in receiver. Some 
jacket the receivers with steam to keep 
the steam pressure in the receiver. Others 
allow a drop in pressure. Few engineers 
now use a steam jacket on the receiver. 

Steam Saturated: — 

Steam in contact with water or hav- 
ing temperature corresponding to its 
pressure. 

Steam Superheated: — 

Steam heated above the temperature, 
due to its pressure. 

Terminal Pressure:-r- 

Pressure at end of the stroke. In a 
multiple expansion engine the terminal 
pressure of the first cylinder is the initial 
pressure of the next, and so on through 
them all. 

Total Heat of Water: — 

At atmospheric pressure this is 180.9 
heat units. It is the total heat above 32 
degrees Fahrenheit, or freezing. 
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Total Heat of Steam: — 

The heat units in the water plus tie 
latent heat. At atmospheric pressure 
this is 180.9 + 9657 = 1 146.6. 

Triple Expansion Engine: — 

A multiple expansion of three stages. 
See multiple expansion. 

Vacuum: — 

Absence of pressure. In steam engi- 
neering the reduction of pressure below 
the atmosphere on the exhaust side of the 
piston in condensing engines. 

Water Groove Packing: — 

A plan where one or more grooves 
are turned in the piston or bored in a 
gland or packing box. Condensed steam 
collects in these grooves and makes a 
seal or packing. 
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Circumferences of Circles. 

These tables are arranged to give all 
circumferences between J4 * ncn afl d 
iooJ4 inches, varying by %. The whole 
numbers are at the left, fractions at the 
top. The first column gives circumfer- 
ences of even inches, as, beside n is 
34.558. For 11% inches follow the same 
line to the last column, marked Y$ at the 
top and find 36.914. The circumference 
of a J^-inch circle is 1.571 inches. These 
can be used for inches, feet, yards, or 
meters by remembering that if you look 
for the circumference of a 7-foot circle 
the answers are in feet instead of inches. 
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CIRCUMFERENCES 


OF CIRCLES 


» 


1 1 


Va 


V2 


H 




785 


I.57I 


2.356 


3.I4I6 


3927 


4.712 


5498 


6.283 


7.068 


7.854 
IO.996 


8.639 


9.425 


10.21 


11.781 


I2.566 


13352 


14.137 


14923 


15708 


16.493 


17.279 


18.064 
. 21.200 


18.850 


19635 


20.42 


21.991 


22.776 


23.502 


24.347 


25.133 


25.918 


26.704 


27.489 


28.274 


29.06 


29845 


30.631 


31416 


32.201 


32.087 


33772 


34.558 


35343 


36.128 


36.914 


37.609 


38.485 


3927 


40.055 


4O.84I 


41.626 


42.412 


43.197 


43.082 


44.768 


45-553 


46.338 


47.124 


47.909 


48.695 


49.480 


50.265 


51.051 


51.836 


52.622 


53407 


54192 


54978 


55763 


56.549 


57-334 


58.119 


58.905 


5969 


60.476 


6l.26l 


62.046 


62.832 


63-617 


64.403 


65.188 


65-973 


66.759 


67.544 


68.33 


69.II5 


69.9 


70.686 


71.471 


72.257 


73042 


73827 


74613 


75.398 


76.184 


76.969 


77754 


78.54 


79325 


80.III 


80.896 


8l.68l 


82.467 


83252 


84.038 


84823 


85.608 


86.394 


87179 


87.065 


88.75 


89535 


00.321 


9T.I06 


91.892 


92.677 


93462 


94.248 


95033 


95.819 


96.604 


97.389 


98.175 


08.06 


99746 


IOO.53I 


101.316 


102.102 


102.887 


IO3.673 


104.458 


105.243 


106.029 


IO6.8T4 


107.6 


IO8.385 


109.17 


IO9.956 


1 10.741 


1 1 1.527 


1 12.312 


1 13097 


113.883 


II4.668 


115.454 
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CIRCUMFERENCES OF CIRCLES. 







Va 


^ 


1 Va 


37 


116.239 


117.024 


1 17.81 


118.506 


& 


1 19381 


120.166 


120.951 


121.737 


39 


122.522 


123.308 


124.093 


124.878 


40 


125.664 


126.449 


127.235 


128.02 


41 


128.805 


129591 


130.376 


131.161 


42 


131947 


132.732 


133518 


134.303 


43 


135088 


135874 


136.659 


137445 


44 


138.23 


139015 


139.801 


140.586 


45 


141372 


142.157 


142.942 


143.728 


46 


144513 


145299 • 


146.084 


146.869 


47 


147655 


148.44 


149.266 


1 50.01 1 


48 


150.796 


151.582 


152.367 


153.153 


49 


153938 


154723 


155509 


156.294 


So 


157.08 


157.865 


158.65 


159436 


Si 


160.221 


161.007 


161.792 


162.577 


52 


163363 


164.148 


164.934 


165.719 


53 


166.504 


167.29 


168.075 


168.8ft 


54 


169.646 


170.431 


171.217 


172.002 


55 


172.788 


173573 


174358 


175.144 


56 


175929 


176.715 


177.5 


178.285 


57 


179071 


179.856 


180.642 


181427 


58 


182.212 


182.998 


183.783 


184.569 


59 


185.354 


186.139 


186.925 


187.71 


60 


188.406 


189.281 


190.066 


190.852 


61 


191-637 


192.423 


193.208 


193.993 


62 


194779 


195564 


196.35 


197.135 


63, 


197.92 


198.706 


199-491 


200.277 


64 


201.062 


201.847 


202.633 


203418 


65 


204.204 


204.089 


205774 


206.56 


66 


207.345 


208.131 


208.916 


209.701 


67 


210.487 


211.272 


212.058 


2I2.&J3 


68 


213.628 


214.414 


215.199 


215.984 


69 


216.77 


217.555 


218.341 


219.126 


70, 


219.911 


220.697 


221482 


222.268 


71 


223.053 


223.838 


224.624 


225409 
228.551 


72 


226.105 


226.98 


227.765 


*/ 


229.336 


230.122 


I 230.907 


23I.692 
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CIRCUMFERENCES 


OF CIRCLES. 






1 


Va 1 


* 


Va 


74 


232478 


233-^63 


234.049 


234834 


75 


235-6I9 


236405 


237.19 


237976 


76 


238.761 


239546 


240.332 


241.117 


77 


24I.OO3 


242.688 


243473 


244.259 


78 


245.O44 


24583 


246.615 


2474 


79 


248.186 


248.971 


249757 


250.542 


8o 


251.327 


252.113 


252.808 


253684 


8i 


254.409 


255.254 
258.390 


256.04 


256.825 


82 


257.6H 


259.l8l 


259967 


83 


260.752 


261.538 


262.323 


263.108 


84 


263.394 


264.679 


265.465 


266.250 


i 


267.035 


267.821 


268.606 


269.392 


270.177 


270.962 


271.748 


272.533 


87 


273319 


274.104 


274.889 


275675 


88 


276.46 


277.246 


278.031 


278.816 


89 


279.602 


280.387 


28I.I73 


281.958 


99 


282.743 


283.529 


284.314 


285.1 
288.241 


* 
91 


285.885 


286.67 


287456 


92 


289.O27 


289.812 


290.597 


291.383 


93 


292.168 


292954 


293739 


294524 
297.666 


94 


29531 


296.095 


296.881 


95 


298.45I 


299237 


300.022 


300.807 


96 


301.593 


302.378 


303l64 


303949 


97 


304734 


30552 


306.305 


307091 


98 


307876 


308.661 


309.447 


310.232 


99 


3II.OI8 


311.803 


312.588 


313374 


100 


314.159 


314944 


315729 


316.515 
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AREAS OF CIRCLES. 



1 


1 Va 


1 54 


1 H 


36 


1017.9 


1032.1 


1046.3 


1060.7 


37 


1075.2 


1089.8 


1 104.5 


1 1 19.2 


38 


1 134. 1 


1 149. 1 


1 164.2 


1 1793 


39 


1 194.6 


1210. 


12254 


124 1. 


40 


1256.6 


1272.4 


1288.2 


1304.2 


41 


1320.3 


1336.4 


1352.7 


1369. 


42 


1385.4 


1402. 


1418.6 


14354 


43 


1452.2 


1469. 1 


1486.2 


15033 


44 


1520.5 


1537.9 


15553 


1572.8 , 


45 


1500.4 


1608.2 


1626. 


16439 


46 


1661.9 


1680. 


1698.2 


1716.5 


47 


17349 


17535 


1772. 1 


1790.8 


48 


1809.6 


1828.5 


1847.5 


1866.5 


49 


1885.7 


1905. 


1924.4 


19439 


50 


19635 


19832 


2003. 


2022.8 


5i 


2042.8 


2062.9 


2083.1 


2103.3 


52 


2123.7 


2144.2 


2164.8 


2185.4 


53 


2206.2 


2227. 


2248. 


2269.1 


54 


2290.2 


2311.5 


2332.8 


2354.3 


55 


2375-8 


23975 


2419.2 


2441. 1 


56 


2463. 


2485. 


2507.2 


25294 


57 


25518 


2574.2 


2596.7 


2619.4 


58 


2642.1 


2664.9 


2687.8 


2710.9 


59 


2734. 


27572 


2780.5 


2803.9 


60 


2827.4 


2851. 


2874.8 


2898.6 


61 


2922.5 


2946.5 


2970.6 


2994.8 


62 


30191 


30435 


3068. 


30926 


63 


31172 


3142. 


3166.9 


31919 


64 


3217. 


3242.2 


3267.5 


3292.8 


65 


3318.3 


33439 


33696 


33953 


66 


3421.2 


34472 


3473-2 


34994 


67 


35257 


3552. 


3578.5 


3605. 


68 


363*7 


3658.4 


3685.3 


3712.2 


69 


3739-3 


37664 


37937 


3821. 


70 


3848.5 


3876. 


39036 


39314 


7i 


39592 


39871 


40152 


4043.3 


72 \ 


40715 


4099.8 


4128.2 


4156.8 
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AREAS OF CIRCLES. 







1 a 


X 


H 


73 


41854 


4214.1 


4242.9 


4271.8 


74 


4300.8 


4329.9 


4359.2 


4388.5 


75 


44179 


4447.4 


4477. 


4506.7 


76 


4536.5 


4566.4 


4596.3 


4626.4 


77 


4656.6 


4686.9 


4717.3 


4747-8 


78 


4778.4 


4809. 


4839.8 


4870.7 


79 


4901.7 


4932.7 


4963.9 


49952 


8o 


5026.5 


5058. 


5089.6 


5121.2 


8i 


5i53. 


5184.9 


5216.8 


5248.9 


82 


5281. 


53133 


5345.6 


5378.1 


83 


5410.6 


54433 


5476. 


5508.8 


84 


5541.8 


5574-8 


5067.9 


5641.2 


85 


5674.5 


57079 


5741.5 


5775.1 


86 


5808.8 


5842.6 


5876.5 


59106 


87 


5944-7 


5978.9 


6013.2 


6047.6 


88 


6082.1 


61 16.7 


6151.4 


6186.2 


89 


6221. 1 


6256.1 


6291.2 


6326.4 


90 


6361.7 


6397.1 


6432.6 


6468.2 


91 


65039 


65397 


6575.5 


6611.5 


92 


6647.6 


6683.8 


6720.1 


6756.4 


93 


6792.9 


6829.5 


6866.1 


6902.9 


94 


6939.8 


6976.7 


7013.8 


7051. 


95 


7088. 


71256 


7163. 


7200.6 


96 


7238.2 


7276. 


7313.8 


7351.8 


97 


7389.8 


7428. 


7466.2 


7504.5 


98 


7543- 


7581.5 


7620.1 


7658.9 


99 


76g77 


7736.6 


777S6 


7814.8 


100 


7854 


78933 


7932.7 


7972.3 
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Absolute pressure, 
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*" zero, 
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Anabatic expansion. 


«' . 


Area of circle. 
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** ** rectangle, 
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u " regular figures, 
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" ** square, 
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Areas of similar figurr-.. 
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Arithmetic — foundation pi m» ipU-. 
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Ball or sphere — stirfa< «* of , 
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« " " _ V olutnrof. 


1 ' 


Boilers — heating surf .i"\ 




" — horse pow«*t , 


tJ 


Boiler pressure, 


tt»* 


Boyle's law, . 


•j 1 ' 


British thermal unit, 
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By pass, 
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Calculating — hat in y wnyi\ 
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Calorie, 


•i" 


Circles — areas of, 
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Circulating pump, 


*>) 


Compound engiiu*, 
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Condensers, . 
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Cone — surface of, 
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" — volume of, 
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Cube root — conventional rule, 


18 


" " — principles of, . 
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Cubical contents, . 


27 


Cylinder — finding thickness of, 


31 


Decimals, .... 
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Addition of, . 


8 


Changing common fractions to, 


6 


Division of, . . . . 


11 


Equivalents of an inch, 
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Multiplication of, 
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Pointing off, . 
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Subtraction of, 
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Diagonal of square, 


• 35 


Duty of engines, . 


92 


Eccentric ring — area of, 


40 


Electrical horse power, 


92 


Euclid — right angle triangle. 


61 


Factoring, .... 


77 


Feed water heater, 


92 


Factor of safety, . 


92 


Footpound, .... 


93 


Formulas, ....-, 
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Area of rings, . 


30,40 


Boiler horse power, 
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" strength, 
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Cube root, 
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Explanations of, 
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Horsepower, 
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Signs used in, . 
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Transposing, . 


25,49 


Handy ways of calculating, 
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Heat unit, ..... 93 


Heating surface, 
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Hexagon, 
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Horse power, 
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53, 92, 93 


Hypothenuse or diagonal, 
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Inches of mercury, . 






94 


" " water, 






94 


Indicator, 
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Initial pressure, 






94 


Injector, 






95 


Inspirator, 
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Isothermal expansion, 
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Latent heat, . 
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Mariotte's law, 
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Mean effective pressure, 
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Mensuration, 
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Metals — properties of, 






46 


Multiple expansion, 






96 


Multiplication signs, 
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" of decimals, 
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Octagon, 






38 


Receiver, 
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Right angle, 






32 


Rules — area of circles, 
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" " rectangle, 
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" " square, 






35 


" — cube root, 






18 


" — square root, 






16 


" — surface of cone, 
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" " sphere, . 
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" — volume of cone, 






44 



121 



43 



Sipbon-orsyp . 20,86 

Sphere or ball, . 6 ^ 

Squaring a number, . • • io8 

Square root, • . . '. 97 
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